We present results obtained with a single photon counting system consisting of 384 silicon microstrips of 100 micron pitch equipped with 6 RX64 ASICs. The ASIC includes a charge preamplifier, a shaper, a discriminator and a 20-bit counter for each of its 64 channels. The energy resolution of the system has been measured in the range from 8 keV to 32 keV using fluorescence Xray lines from several targets, using either an Am-241 source or an X-ray tube. Then, the efficiency of the system has been determined using the specially developed quasi-monochromatic X-ray beams in the energy range 18-36 KeV. Good efficiency has been obtained in the edge-on configuration, which is more suitable for the intended applications. The spatial resolution of the system has been verified using a special microfocus X-ray tube equipped with capillaries. Finally, images of angiographic and mammographic test objects have been obtained with dual energy X-ray beams and have then been processed with the dual energy subtraction technique. In particular, the contrast for the angiographic test object has been evaluated for different concentrations of an iodate solution injected into 1 mm and 2 mm diameter vessels. Further developments, including a double threshold version of the ASIC, are also discussed.
INTRODUCTION
This paper reports about the design and the first X-ray imaging results obtained with a one-dimensional array of silicon strips. Such an array, consisting of microstrips with 100 µm pitch and 10 mm length, was chosen for the following reasons: In addition, some important advantages of a digital, single photon counting system for X-ray imaging have been considered: (i) a higher efficiency with respect to conventional screen-film systems can be obtained (to achieve this, at energies above 18 keV, edge-on orientation of the strips is necessary, see figure 1 ); (ii) digital processing, transfer and storage of images is more convenient; (iii) by implementing a double threshold scheme (see below) in the front-end electronics, double energy imaging with simultaneous exposure becomes possible.
In fact, the dual energy technique introduced by Alvarez and Macovski [1] (see also [2] ) allows to isolate materials characterized by a different energy dependence of the linear attenuation coefficient. This technique can be implemented in a small-scale installation thanks to the development of quasi-monochromatic beams [3, 4, 5] . The applications foreseen for our detector are dual energy angiography at the iodine K-edge ( 33 keV), and later at the gadolinium K-edge ( 50 keV), and dual energy mammography.
The efficiency of 300 µm thick silicon in the usual "front" configuration is too low in the interesting energy range (see figure 1, left panel); for this reason we have adopted the so called "edge-on" configuration which, for a strip length of 10 mm and an inactive Si layer of 0.765 mm, gives a reasonable efficiency; this has been verified with quasimonochromatic beams, as shown in figure 1 , right panel.
THE DETECTOR AND THE RX64 ASIC
Our silicon microstrip detectors (0.1 mm pitch, 10 mm length) are AC-coupled ones with FOXFET biasing 1 , featuring a low current of about 60 pA per strip at 100 V bias voltage, which is a key requirement for low noise performance. A picture of the corner of one detector is shown in figure 2 , where the bias line and the guard ring are visible around the strips.
The RX64 ASIC integrates 64 channels of front-end (preamplifier, shaper, discriminator) and 64 counters with 20 bit range, as well as several internal DACs. It can be controlled by a purely digital interface. Detail on the ASIC design and performance are given in [6, 7] .
Results presented in the following have been obtained with two prototypes, the first one featuring 128 equipped channels (132 microstrip detector read by two ASICs), the second one featuring 384 equipped channels (400 microstrip detector read by six ASICs). For the second prototype, a pitch adapter was inserted in between detector and ASIC (see figure 3 ), in order to simplify the task of bonding strips to electronic channels and also to allow reworking of the assemblies. 
ENERGY RESOLUTION
The performance of the two prototypes was tested with several methods, starting from internal calibration, which means injecting a known charge at the input of each electronic channel by means of a test capacitor (75 fF). Dealing with a digital system, the analog performance must be obtained via discriminator threshold scans. Figure 4 (a summary of 12 such scans) shows that the RX64 response is reasonably linear up to 8000 electrons (29 keV), after which some saturation is observed.
Further tests were performed by irradiating the prototypes with fluorescence X rays generated either by an americium source or by a Cu-anode X ray tube: a collection of spectra is shown in figure 5. They were used to establish the absolute energy calibration of the detector. The summary of gain and noise measurements is given in table 1, which refers to two different peaking time settings, corresponding to different gains as well. The best performance of the 384-channel prototype (last line of the table) is about 150 RMS electrons, corresponding to about 1.3 keV FWHM at 22 keV energy.
Very recently we have obtained first results on the analogue performance of the double threshold version of the RX64 ASIC (two discriminators per channel have been implemented), which indicates a moderate increase of the ENC (196 electrons) with respect to the standard ASIC; we believe that the increased noise is due to two sources: on one hand the increased temperature of ASIC and detector, due to a higher power dissipation, on the other hand the shorter shaping time. Peltier cooling is being considered in order to reduce the effects of the first source. 
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SPATIAL RESOLUTION
Preliminary measurements were taken with a capillary output microbeam [8] at the Antwerp's University Micro and Trace Analysis Center (MiTAC). The microbeam has an RMS of about 28 µm (see figure 6) , as deduced from a fluorescence measurement on a Ni-Cr wire. Beam profiles taken with our silicon detector indicate a good correlation between the known beam position and the beam centroid obtained by the detector (see figure 7) . The maximum deviation from the straight line is £ 0¤ 12 strips, corresponding to 12µm. 
MAMMOGRAPHIC IMAGING TEST
The 384-channel prototype has been used for a test on the dual energy quasimonochromatic beams at the University of Ferrara. For this test, a mammographic phantom consisting of a PMMA block with 6 mm diameter cylindrical inclusions of polyethylene and water (for more details see [9] ) has been placed between the beam and the linear silicon detector. Images have been collected separately at low (18 keV) and high (36 keV) energies, since the double threshold ASIC was not yet available. A projection algorithm [2, 9] has been implemented in order to find the projection angle which makes the contrast between two chosen materials to vanish, as shown in figure 8 . Thanks to the good signal-to-noise ratio at 33 degrees (where the contrast between PMMA and water vanishes), the polyethylene pattern is well visible in the combined image, shown in figure 9 (right panel). A dedicated fixed energy angiographic beam line based on the quasi-monochromatic beams [5] has been installed at the Bologna University. We have performed a test with our 384-channel prototype and an angiographic phantom (see figure 10 ) containing four small tubes (1 or 2 mm diameter) filled with an iodate solution at various concentrations. One of the images obtained off-line by logarithmic subtraction between a high energy (35.5 keV) and a low energy (31.5 keV) image is presented in figure 10 , for a concentration of 92.5 mg/ml, which represents 1/4 of the standard concentration presently used in clinical practice. The background structures present in the phantom are effectively removed by this procedure. A summary of the signal-to-noise ratios obtained with 1 mm diameter tubes is shown in figure 11 as a function of the iodate concentration, toghether with a theoretical calculation based on the structure of the phantom. The noise contrast was evaluated over one pixel only. Usable values of the SNR are achieved down to 92.5 mg/ml concentration, and in some cases even for 46.25 mg/ml.
SUMMARY AND OUTLOOK
We have developed a relatively simple linear X-ray detector for scanning mode radiography, based on a 100 µm pitch silicon microstrip detector and on the RX64 ASIC. Prototypes with 128 and 384 strips of 10 mm length have been built and tested with internal calibration, fluorescence X-rays and quasi-monochromatic beams in the energy range from 8 to 36 keV. The obtained energy resolution (about 150 rms electrons, i.e. 1.3 keV FWHM at the Ag K α peak at 22.1 keV) is well adapted to the energy spread of the presently available quasi-monochromatic beams. The efficiency for photoelectric conversion in edge mode with 10 mm active silicon (preceded by about 0.8 mm inac- tive silicon) is sufficient to perform double energy mammography (for example at 18 and 36 keV) and double energy angiography at the iodine K-edge. Recent preliminary imaging results with a mammographic phantom consisting of PMMA, PE and water indicate that contrast cancellation between PMMA and water can be obtained by the projection method, keeping a signal-to-noise ratio of 16 for polyethylene. Imaging tests with an angiographic phantom containing 1 mm tubes indicate that it is possible to obtain good contrast at iodate concentrations well below the current clinical practice one of 370 mg/ml. The first results on the performance of the double threshold version of the RX64 ASIC show that the Equivalent Noise Charge is only 30% higher than the one obtained with the standard ASIC, in spite of the increased complexity and level of digital noise inside the ASIC. Future developments will include the following points:
• implementing larger detectors to match the image size required in the clinical applications; • measuring the DQE and MTF of the system using the capillary output X-ray beam at MiTAC, Antwerp University; • implementing synchronization of X-ray counting with the diastolic phase of the hearth cycle for coronary angiography; • considering the possibilities for angiography at the gadolinium K-edge at 50 KeV;
• building a full-size mammography detector with the double threshold version of the RX64.
Extensive MonteCarlo simulations of the different setups are under way (see e.g. [10] ) in order to better understand present results and to plan future versions of the system.
